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ABSTRACT 

Background: Fecal biomarkers (FCP) may be characterized by a superior diagnostic sensitivity as they are highly 
organ specific. Fecal calprotectin meets the criteria of a laboratory parameter suitable for the assessment of 
inflammatory bowel disease. Objective: To evaluate FCP levels in both preterm and full-term infants after start 
feeding and its relationship with the type of feeding, birth weight, and other clinical and laboratory parameters. 
Patients and Methods: This study was carried out at the outpatient clinic of the Pediatric Department Zagazig 
University Hospitals on 88 infants during the period from October 2016 to October 2017. 

Results: FCP levels increased in 100% of infants involved in the study after feeding. FCP levels have a wide range 
of variation from 82 to 425 ug/g before feeding and from 174 to 692 ug/g after feeding. A significant negative 
correlation between FCP levels before and after feeding with birth weight especially in the full-term group. A higher 
percentage of increase was observed in breastfeeding and ranged from 64.76 to 91.31%, while formula-fed feeding 
ranged from 39.09 to 84.94%. 

Conclusion: FCP levels increased in all infants after feeding with a wide range of variations with no differences 
between infants born vaginally or with C-section. The FCP levels increased significantly with breastfeeding than 
formula-fed feeding. 
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INTRODUCTION including antimicrobic and immunomodulatory 
Initially called leukocyte L1, calprotectin is a 36 activity, and it is released during cell activation (active 
kDa calcium and zinc-binding protein that constitutes release) or cell death (passive release). It has been 
about 60% of soluble cytosol protein in human suggested as a useful indicator to determine the 
neutrophil granulocytes, and is found in monocytes, severity of inflammation in the intestine ©. 
macrophages, and epithelial cells ®. The most significant factors that affect fecal 
Calprotectin is a member of the $100 family of calprotectin (FCP) excretion include ante- and 
calcium and zinc-binding proteins; it is the perinatal antibiotic treatment, the volume of enteral 
heterodimer of S100 A8/A9. It is found in neutrophils, feeding, the occurrence of unplanned interruptions of 
monocytes, and some squamous epithelium cells. The enteral feeding, and the gastrointestinal bacterial 
complex accounts for up to 60% of the soluble protein colonization ®. 
content of the neutrophil cytoplasm. It is released by High fecal calprotectin (f-calprotectin) levels 
activation of leucocytes as a consequence of were shown to correlate with an increased turnover of 
inflammatory diseases ®. S100 A8 is also called leukocytes in the intestinal barrier and granulocyte 
calgranulin A and myeloid-related protein 8 (MRP8), migration towards the intestinal lumen. Hence, f- 
and S100A9 is called calgranulin B (MRP14). They calprotectin has been proposed as a non-invasive 
both are linked to the innate immune system ®. marker of intestinal inflammation in inflammatory 
Fecal calprotectin levels ranged from 3.9 ug/g to bowel disease in adults and children . Another review 
971.8 ug/g, and there was a significant increase in fecal points to the relevance and limitations of calprotectin 
calprotectin in the study group when compared to the determination in these clinical settings ®. 
control group (334.3 + 236.6 ug/g vs. 42.0 + 38.2 ug/g, Despite these high levels, the putative use of 
respectively) with a moderate inverse significant fecal calprotectin as a marker of gastrointestinal 
correlation between fecal calprotectin and birth disease, particularly necrotizing enterocolitis (NEC), 
weight. Furthermore, there was a moderate, significant has been explored in several cohorts of preterm infants. 
correlation between fecal calprotectin and duration of However, due to the high inter-and intra-individual 
breastfeeding range. On the other hand, there was no variations consistently observed by all authors, the 
correlation between fecal calprotectin and post-natal determination of a cutoff value for f-calprotectin has 
age, gestational age, or volume of feeding. A cut-off at remained an elusive goal, as cut-off values ranging 
the 67.0 ug/g level, with 100% sensitivity and 76.9% from 200 to 2000 ug/g have been proposed ®. 
specificity, was considered ®. Earlier studies suggest f-calprotectin is higher in 
Calprotectin has bacteriostatic and fungistatic infants born by cesarean section, compared with 
actions, as it can isolate manganese and zinc in their vaginal delivery, and correlates positively with 
cells ©; it also has several biological properties postnatal age and volume of enteral feeds, and 
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negatively with antibiotic treatment. The latter factors 
are known to influence gut bacterial colonization, 
suggesting a possible relationship between the 
bacterial establishment and calprotectin levels in the 
neonatal period. Accordingly, Mohan et al. “” found 
that bifidobacterial supplementation was associated 
with a significant decrease in calprotectin level. 

The current study aimed to evaluate FCP levels 
in both preterm and full-term infants after start feeding 
and its relationship with the type of feeding, birth 
weight, and other clinical and laboratory parameters. 


PATIENT AND METHODS 

This study Cohort study was carried out at the 
outpatient clinic of the Pediatric Department Zagazig 
University Hospitals on 88 infants during the period 
from October 2016 to October 2017. 
The infants were divided into two groups: 
Group A: 44 preterm infants (28 to 37 weeks GA) of 
both genders from birth until the 28" day of life and 
with 28 to <37 weeks of gestation and showed any of 
the signs of feeding intolerance, admitted to the 
neonatal intensive care unit (NICU) in the Pediatric 
Department of Zagazig University Hospitals, and 
Group B: 44 term infants. 
Sample Size: The mean of fecal calprotectin in full- 
term patients 145 +74 mg and among preterm 106 + 47 
mg with CI 95% with the power test 80% using open- 
EPI version 16. The sample is calculated to be 88 cases 
(44 cases in each group). 
Inclusion criteria: Preterm infants (28 to 37 weeks 
GA) of both genders from birth until the 28" day of life 
and with 28 to <37 weeks of gestation, admitted to the 
neonatal intensive care unit (NICU), who showed any 
of the signs of feeding intolerance leafing to 
interruption of the current feeding regime, such as 
increased gastric residuals (>50%) of the previous 
feeding, emesis, abdominal distension (increase in 
abdominal girth by 2 cm or more between feedings), 
bloody stool, diarrhea, and visible bowel loops. 
Exclusion criteria: Neonates suffering from intestinal 
congenital anomalies 
All studies neonates were subjected to: 
History: Complete history taking. 
Examination: Complete clinical and physical 
examination and measurement of fecal calprotectin 
level in term and preterm babies before and after 
starting feeding. 


Ethical considerations: 

Ethical approval of the study was obtained from the 
research ethics committee of the Faculty of 
Medicine of Zagazig University and a written 
informed parental consent also was obtained. 
Methodology: F-calprotectin was determined using an 
ELISA assay in 88 samples obtained prospectively 
from 44 preterm and 44 term infants before and after 
starting feeding. 
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Stool samples preparation: One gram stool sample 
with 9 ml PBS (concentration of 0.01 M, PH 7.4), 
Samples should be operated at 4 °C. Collect 
supernatant carefully after centrifugation for 20 min at 
2000 — 3000 rpm, Aliquot the supernatant for ELISA 
assay and future use. 

Calculation of results: Known concentrations of 
Human CALP standard and its corresponding reading 
OD is plotted on the log scale (x-axis) and the log scale 
(y-axis), respectively. The concentration of Human 
CALP in the sample is determined by plotting the 
samples O.D. on the Y-axis. The original 
concentration is calculated by multiplying the dilution 
factor. 

Precision: Intra-assay Precision (Precision within an 
assay): 3 samples with low, middle and high-level 
Human CALP were tested 20 times on one plate, 
respectively. Inter-assay precision (precision between 
assays): 3 samples with low, middle and high-level 
Human CALP were tested 3 different plates, 8 
replicates in each plate. 

CV (%) = SD/meanX100 

Intra-assay: CV<10% 

Inter-assay: CV<12% 

Assay range: 3ng/ml — 200ng/ml 


Statistical analysis 

All data were collected, tabulated, and 
statistically analyzed using SPSS 22.0 for windows 
(SPSS Inc., Chicago, IL, USA) & MedCalc 13 for 
windows (MedCalc Software bvba, Ostend, Belgium). 
Data were tested for normal distribution using the 
Shapiro Walk test. Qualitative data were represented 
as frequencies and relative percentages. Chi-square 
test (y2) and Fisher exact was used to calculate the 
difference between qualitative variables as indicated. 
Quantitative data were expressed as mean + SD 
(Standard deviation) for parametric and median and 
range for non-parametric data. Independent T-test and 
Mann Whitney test were used to calculate the 
difference between quantitative variables in two 
groups for parametric and non-parametric variables 
respectively. Pearson’s and Spearman’s correlation 
coefficients were used for correlating normal and non- 
parametric variables respectively. The (+) sign was 
considered as an indication for direct correlation i.e. 
increase frequency of independent lead to increase the 
frequency of dependent & (-) sign as an indication for 
inverse correlation i.e. increase frequency of 
independent lead to decrease the frequency of 
dependent, also we consider values near to 1 as strong 
correlation & values near 0 as weak correlation. The 
receiver operating characteristic (ROC) curve was 
constructed to permit the selection of threshold values 
for test results and comparison of different testing 
strategies. P-value < 0.05 was considered significant. 
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RESULTS 
Table (1): Demographic data and clinical characteristics distribution of the two studied groups 


Preterm (n=44) | Term (n=44) 
GA (weeks) Mean + SD 31.77 + 2.88 39.18 + 1.4 10.8¢ 000 
Postnatal age 4.7443 4.1+2.3 „6° .54 


28 (63.6%) 30 (68.2%) 
.101* .750 
16 (36.4%) 14 (31.8%) 





000 
l 
; 
This table shows that demographic data of the studied subjects included 28 males and 16 females with mean 
GA 31.77 weeks, mean postnatal age 4.7 days and mean birth weight 2.08 kg for preterm group & 30 males and 14 
females with mean GA 39.18 weeks, mean postnatal age 4.1 days and mean birth weight 3.16 kg for term group. 
ca is a Statistically significant difference between the two studied groups as regard T and birth weight. 
able (2): Diagnosis frequency and laboratory parameters of the two studied group 
E ae ae 
Diagnosis frequency 
TIN 
Pneumonia 
Cardiac disease 0 (0%) 
Sepsis 0 (0%) 4 (9.1%) 
NJ 0 (0%) 6 (13.6%) 
Sepsis, NJ 0 (0%) 2 (4.5%) 
Apnea of prematurity 2 (4.5%) 0 (0%) 
Laboratory parameters 


HB Mean + SD 
PLT Mean + SD 
TLC Mean + SD 
CRP Mean + SD 


This table shows that pneumonia has the highest percentage diagnosis in the preterm group and TTN has the 
highest percentage diagnosis in the term group. There is a statistically significant difference between the two studied 
groups as regard different diagnosis. There is no statistically significant difference between the two groups regarding 
any of the laboratory parameters mentioned above. 

Table (3): Fecal Calprotectin of the two studied groups 


Preterm (n=44) Term (n=44) ae a [a (ce 


Calprotectin before 253.8 + 119.7 246.5 + 121.4 2 842 
feeding Mean + SD 255.5 (75 — 428) 188.5 (82 — 454) ` ` 








feeding Mean + SD 371 (125 — 628) 298 (174 — 692) ` ` 
of FCP level 32.2 (16.2 — 60.9) 25.8 (8.6 — 59.8) ` ` 
This table shows that there is no statistically significant difference between the two groups regarding calprotectin 
before and after starting feeding and the percentage of increase of FCP level. 
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Table (4): Comparing Fecal Calprotectin levels between exclusive breastfed and formula-fed cases 


= 
153 (75 — 222) 371 (279 — 454) 
= 
251 (125 — 350) 474.5 (372 — 692) 
Í | 40.5 (15 — 60.9) 23.6 (8.6 — 38.6) 
This table shows that there is a statistically significant difference between breastfed and mixed fed cases regarding 


calprotectin level before and after starting feeding and percentage of increase of FCP levels with a relative increase 
in FCP levels in exclusively breastfed cases. 


Table (5): Relation between Fecal Calprotectin levels and feeding intolerance. 





| 
E ooo | meua | 47 | 000 
170 (75 — 374) 338 (82 — 454) 
n after 276.5 + 77.3 436.7 + 134.3 47 | 000 | 
n + S 281 (125 — 469) 473 (174 — 692) i 
36.5 (19.4 — 60.9) 27.6 (8.6 — 59.8) i : 


This table shows that there is a statistically significant difference between cases with feeding tolerance and case 
with feeding intolerance regarding calprotectin before and after starting feeding and the percentage of increase of 
FCP level with a relative increase in FCP levels in cases with feeding intolerance. 





Table (6): Effect of antibiotic therapy on fecal calprotectin levels. 









( 297.5 + 121 181.7+77.6 
a S505 aso 
ding 454 (125 — 692) 248 (186 — 487) ` 
ease of | eV 29.7 (8.6 — 59.8) 31.6 (13.7 — 60.9) ` ` 
This table shows that there is a statistically significant difference between cases treated with antibiotic therapy and 


cases without antibiotic administration regarding calprotectin before and after starting feeding with a relative 
decrease in FCP levels with antibiotic administration. 


Table (7): Relation between fecal calprotectin levels and mode of delivery. 


tin before 253.1 + 121.8 248.8 + 120 
[ 284 (75 — 452) 189.5 (82 — 454) 





aa 

EIR 

349.7 + 113.4 365.2 + 147.3 3 7 

382 (125 — 495) 307.5 (174 — 692) : i 
30.6 + 16.3 33.2 + 12.4 5 

25.6 (8.6 — 60.9) 33.8 (14.4 — 55.5) ` 


This table shows that there is no statistically significant difference between normal vaginal delivered cases and CS 
delivered cases regarding calprotectin before and after starting feeding and the percentage of increase of FCP level. 
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Table (8): Relation between fecal calprotectin levels and prognosis. 


Death (n=20) 


Calprotectin before 259.1 + 118.9 219.6 + 121.3 
feeding Mean + SD 215 (75 — 454) 183 (82 — 415) 


Recovery (n=68) 


Percentage of 
increase of FCP 
level 


30.3 + 12.3 
27.6 (8.6 — 60.9) 


This table shows that there is no statistically significant difference between recovered and dead cases regarding 





Ez 
Calprotectin after 365.7 + 144.3 341.6 + 109 ; : 
feeding Mean + SD 343 (125 — 692) 307.5 (174 — 485) i 


39.7 +15.9 
40.3 (14.4 — 59.8) 


calprotectin before and after starting feeding and the percentage of increase of FCP level. 


DISCUSSION 

The current study included 44 preterm 
infants (28 to 37 weeks GA) and 44 term infants of 
both genders from birth until the 28* day of life and 
with 28 to <37 weeks of gestation and showed any 
of the signs of feeding intolerance, admitted to the 
neonatal intensive care unit (NICU) in the Pediatric 
Department of Zagazig University Hospitals. Fecal 
calprotectin was determined using an ELISA assay 
in both groups. 

Fecal calprotectin levels have been reported 
to be much higher during the first few weeks of life 
both in healthy full-term “! 1? and preterm infants 
43) than in healthy adults “* and children 9°. 

Regarding calprotectin concentrations in 
both pre-term and full-term infants before and after 
feeding, the current study showed that FCP levels 
increased in 100% of infants involved in the study 
after feeding. On contrary, Nissen et al. (16) 
reported that no difference was found between the 
preterm and full-term infants. While, many types of 
research support our results “> 19, which may be 
supported by many theories for its explanation. 
Van Elburg et al. “), showing that intestinal 
permeability, as measured with the 
lactulose/mannitol test, was higher in preterm 
infants compared with full-term infants only during 
the first 72 hours of life leading to transepithelial 
migration of neutrophils and then normalized to the 
level of full-term neonates. This can explain the 
higher levels of calprotectin observed in the 
meconium in the first days of life in preterm infants 
as compared with later values in fecal samples “6 
20) This phenomenon, ending by the third trimester 
of life in a process named “‘closure’’ could explain 
the significant decrease in calprotectin levels 
starting from the end of the first trimester of life. 
Interestingly, preterm infants, although displaying 
a higher intestinal permeability, do not exhibit 
levels that are higher than full-term infants and no 
correlation is seen with the gestational age @. 

The current study showed that fecal 
calprotectin levels have a wide range of variation 
from 82 to 425 ug/g before feeding and from 174 
to 692 ug/g after feeding. In accordance, many 
studies showed high inter-individual variations “ 
12, 22). These variations may be attributed to the 
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method of collection, in which the sample stayed in 
the baby’s diaper. However, Olafsdottir et al. °°) 
showed that this sampling method, in which some 
water is absorbed by the diaper, increases the 
calprotectin concentration by no more than 30%, a 
variation far lower than that measured in the 
different studies. Other hypotheses could be 
suggested. Because high fecal calprotectin in 
neonates reflects an increase in granulocytes in the 
intestinal lumen due to high intestinal permeability 
and/or development of the gut-associated lymphoid 
tissue, inter-individual variations should be linked 
to environmental factors, which could individually 
modify this process, that is, mode of feeding, 
intestinal colonization, or response to alimentary 
antigens ?), 

The results of the current study showed that 
there was a statistically significant difference 
between cases with feeding tolerance and case with 
feeding intolerance regarding calprotectin before 
and after starting feeding and the percentage of 
increase of FCP level with a relative increase in 
FCP levels in cases with feeding intolerance. 
Abnormal bacterial colonization may be a factor in 
feeding intolerance, especially in preterm neonates, 
mainly due to dysfunction of the intestinal barrier, 
the immune responses, and functions of the 
intestine ?®. It was concluded that preterm with 
feeding intolerance had statistically significant 
elevated levels of FCP compared to preterm infants 
without feeding intolerance ®. Also, it may seem 
paradoxical to observe that a rise in calprotectin is 
observed in parallel with increased volume of 
enteral feeding, but a rise is also observed when 
there is a need to interrupt enteral feeding, i.e., in 
cases of poor digestive tolerance ®. 

Many studies have attempted to correlate 
fecal calprotectin levels in newborns with specific 
neonatal factors including gestation age, birth 
weight, type and volume of feeding, and feeding 
intolerance 5), Although the factors that affect its 
excretion in neonates are incompletely known and 
remain controversial ? 7, the differences in FC 
levels across these studies may be influenced by 
genetic and environmental factors or a combination 
of both @”. 
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Regarding birth weight, the current study 
showed a significant negative correlation between 
FCP levels before and after feeding with birth 
weight, especially in the full-term group. In 
accordance, Rougé et al. ®, Kapel et al. °”, and 
Moussa et al. ® reported a significant inverse 
correlation between FCP level and birth weight, 
and in disagreement with Campeotto et al. ® who 
found no significant correlation between birth 
weight and FCP. Lee et al. ©” and Li et al. 2” 
found that FCP levels were negatively correlated 
with birth weight and height (r = -0.41, P <0.001), 
that growth was poorer with higher permeability 
values. 

Previous studies have focused on the effect 
of the type of feeding on the level of FCP and the 
data are conflicting “ 7. The current study 
reported that a higher percentage of increase was 
observed in breast feeding and ranged from 64.76 
to 91.31%, while in formula form feeding ranged 
from 39.09 to 84.94%. Following the current study, 
Lee et al. 2, Li et al. °? and Groer et al. ©” 
described higher calprotectin levels in exclusively 
breast-fed infants compared with formula-fed ones. 
However, the comparison between the different 
studies is difficult because infants were recruited at 
various ages. On contrary, Oswari et al. °°, Yoon 
et al. ©» and Nakayuenyongsuk et al. ©” found no 
differences between breast-fed and formula-fed 
infants during the first month of life in full-term 
infants in correlation with FCP levels. While 
Golden et al. ©® found fecal calprotectin 
concentrations to be significantly lower in breast- 
fed than in formula-fed infants during the 
““preweaning’’ period. 

The current study showed that there is no 
statistically significant difference between normal 
vaginal delivered cases and CS delivered cases 
regarding calprotectin before and after starting 
feeding and the percentage of increase of FCP 
level. Otherwise, another study reported that FC 
levels in those born by vaginal delivery are higher 
than FC levels of cesarean section-born infants in 
accordance with Lee et al. ©”. It is generally 
accepted that the fetal gastrointestinal tract is 
sterile but that, soon after birth, the gastrointestinal 
tract becomes rapidly colonized by 
microorganisms in the delivery environment °* 39, 
Natural vaginal delivery provides early contact 
with the maternal microbiome and is considered 
crucial for gut maturation, metabolic and 
immunologic programming, and host-microbe 
homeostasis establishment. Furthermore, in our 
study, mothers who delivered vaginally were more 
likely to breastfeed. 

Also, no differences regarding gender as 
previously reported by Lee et al. “” and Li et al. 
21) While, the clinical demographic data were 
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associated with FCP levels, which in agreement 
with Nakayuenyongsuk et al. ©”, and the ROC 
curve of fecal calprotectin as an indicator for 
recovery showed a good sensitivity of calprotectin, 
yet this cutoff level has a poor specificity as well, 
the same conclusion was reported by Rougé et al. 
a) 

Thus, high basal calprotectin levels in 
infancy could be due to higher intestinal 
permeability, the establishment of gut flora, and 
response to alimentary antigens, as well as to the 
colonization of the gut by commensal microbes. 
Therefore, the major potential sources of pioneer 
bacteria, and factors that may influence neonatal 
gut maturation, include in utero transmission of 
maternal flora to the fetal gut; delivery mode; type 
of feeding; postnatal age; environmental factors 
such as geographical location, familial 
environment, sanitary conditions can affect the FC 
levels in infancy “, 


CONCLUSION 

FCP levels increased in all infants after 
feeding with a wide range of variations with no 
differences between infants born vaginally or with 
C-section. The FCP levels increased significantly 
with breastfeeding than formula-fed feeding. Also, 
low birth weight was conducted with high levels of 
FCP. Thus, many factors including birth weight, 
type of feeding, and type of delivery, have a strong 
relation with FCP levels in infants. 
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